ABSTRACT
Introduction
Acute lung injury (ALI) often induced by trauma, hemorrhage, infection, inflammation, etc 1 , is major cause of acute respiratory failure, which increases the risk of morbidity and mortality in critically ill patients 2 . In generally, ALI is an excessive uncontrolled inflammatory response caused by several pro-inflammatory mediators 3, 4 , however, the precise mechanisms of ALI remains poorly understood. Therefore, it is essential to explore the true mechanisms and effective treatment for ALI 5 . Our previous studies found that the exogenous normal lymph (ENL) from healthy dog has an alleviating effect on microcirculation disturbances in rats with disseminated intravascular coagulation (DIC), hemorrhagic shock and endotoxic shock [6] [7] [8] ; in addition, the ENL could alleviate the acute kidney injury in rats with DIC and endotoxic shock 9, 10 . However, whether the ENL could lessen the lipopolysaccharide (LPS)-induced ALI remains unclear. In consequence, the purpose of this study was to evaluate the effect of ENL on ALI induced by LPS in rats and reveal its mechanism.
Methods
All animal experiments were performed in accordance with the Animal Care Committee of Hebei North University, Zhangjiakou, China. All efforts were made to minimize suffering of animals.
Sixty healthy and specific pathogen free (SPF) male
Wistar rats, 240g to 300g, were purchased from the Chinese Academy of Medical Sciences Animal Breeding Center (Beijing, China), and maintained at an animal facility under barriersustained conditions with 12-h light/dark cycle at a standard conditions (temperature: 23 ± 2°C, relative humidity: 40%-80%), and free access to standard laboratory food and water. Before the animal experimentation, the rats were fasted for 12h, but were allowed free access to water. Besides, three healthy beagle dogs were used for the preparation of ENL.
ENL preparation
The healthy beagle dogs were anesthetized with pentobarbital sodium (25 mg/kg) intravenously after induction of anesthesia with ketamine. Then, a midline laparotomy was performed for normal mesenteric lymph collection continuously for 30 min as previously described 6, [8] [9] [10] . Lymph samples were centrifuged for 15 min at 315 g to remove all cellular components and stored at -80°C in refrigerator (Thermo Electron, MA, USA).
ALI model establishment
After anesthetization with pentobarbital sodium (1%, 50 mg/kg), the rats were randomly divided into: sham group, LPS group, and LPS+ENL group (n=20). The left jugular vein was aseptically separated from the surrounding tissues and cannulated using a microcatheter for LPS injection and ENL treatment.
Meanwhile, the right carotid artery was also isolated and cannulated using a minimally heparinized polyethylene catheter ; at the same time, the same amount of normal saline was infused to the LPS group rats. In the sham group, the rats received two injections of normal saline alone, instead of LPS or ENL.
Pulmonary histomorphology evaluation
At the 6h after LPS injection or corresponding time points, the fixed position pulmonary tissue was obtained from rats and then fixed in 10% neutral buffered formalin. After alcohol gradient dehydration and paraffin embedding, each paraffin block was processed into 5-μm-thick slices that were stained with hematoxylin and eosin (H&E). The pulmonary morphological changes were observed with light microscopy (BH-2, Olympus, Tokyo, Japan) and pictures were taken using digital camera (4500, Nikon, Tokyo, Japan) from ten randomly chosen areas for per sample.
Water content in pulmonary tissue determination
At the 6h after LPS injection or corresponding time points, the pulmonary tissue was harvested in a fixed position, and the wet weight was immediately measured using a precision electronic balance (LE225D, Sartorius Scientific LLC., Beijing, China) after blotting up it with filter paper. Then, the tissue was embedded in an electrical thermostatic drum wind drying oven (GZX-9070MBE, Boxun LTD., Shanghai, China), and was baked at 80°C for 12h until the weight did not change. The dry weight of the same pulmonary tissue was measured again, and the wet/dry weight ratio (W/D) was calculated.
Pulmonary homogenate preparation
At 3h or 6h after LPS administration or corresponding time points, the pulmonary tissue was obtained in a fixed position, then, was homogenized in 1:9 (w/v) normal saline for 30s using a tissue homogenizer (FJ-200, Shanghai specimen model factory, Shanghai, China). The homogenate was centrifuged at 850 g at 0-4°C for 10 min using a supercentrifuge (Labofuge 400R, Thermo
Fisher Scientific, San Jose, California, USA), the supernatant was frozen at -80°C for further assays.
P-selectin, ICAM-1 and MPO measurement
The levels of P-selectin (Yuanye Biotechnology, Shanghai, China) and intercellular adhesion molecule-1 (ICAM-1) (Bosde Biotechnology, Wuhan, China) in the pulmonary homogenate were determined with the enzyme-linked immunosorbent assay 
Statistical analysis
Data were reported as the Mean ± standard deviation (SD) and were analyzed using SPSS version 16.0 software (Polar Engineering and Consulting Inc., Chicago, IL, USA). Intragroup comparisons were performed with one-way ANOVA. P value of less than 0.05 was considered to be statistically significant.
Results

Effect of ENL on pulmonary histomorphology in LPS rats
The clear alveolar structures are showed in the sham group, and hemorrhage and effusion are not observed in alveolar spaces ( Figure 1A ). LPS caused several histopathological alterations characterized by alveolar wall thickening, inflammatory cells infiltration, and hemorrhage and effusion in alveolar spaces ( Figure 1B) . Similarly, treatment with ENL greatly improved these abnormal features of lung ( Figure 1C ).
Effect of ENL on W/D of lung in LPS rats
The W/D of lung in the LPS and LPS+ENL groups were obviously increased than that of the sham group (P<0.05, Figure   2 ), and the W/D of lung in the LPS+ENL group was significantly decreased compared with the LPS group (P<0.05). 
Effect of ENL on P-selection of lung in LPS rats
At 3h after LPS insults, the P-selection of hepatic homogenate in the LPS group was significantly higher than that of the sham group (P<0.03, Figure 3 ), and the P-selection of lung in the LPS+ENL group was significantly decreased compared with the LPS group (P<0.05).
Effect of ENL on ICAM-1 of lung in LPS rats
At 3h and 6h after LPS administration, the ICAM-1 levels in pulmonary homogenate of the LPS group were significantly increased than the sham group (P<0.05, Figure 4) , and the ICAM-1 levels in the LPS+ENL group were significantly lower compared with the LPS group (P<0.05). Meanwhile, the ICAM-1 in the LPS+ENL group at 6h was higher than that of the sham group (P<0.05).
Discussion
LPS, a cell wall component of gram-negative bacteria, is thought to play an important role in the development of ALI [12] [13] [14] .
In current study, the administration of LPS via femoral vein, which reflecting enterogenous endotoxin translocation or exogenous toxins infection, caused several histopathological alterations characterized by alveolar wall thickening, inflammatory cells infiltration, and hemorrhage and effusion in alveolar spaces, these findings suggested the model was a useful and applicable experimental ALI model. Meanwhile, we found that the degree of pulmonary tissue damage was significantly attenuated by the administration of ENL, which suggested that the ALI induced by LPS-injection was prevented by treatment with ENL.
Furthermore, we found that the increased water content in lung induced by LPS administration was significantly attenuated by treatment with ENL. The result indicated that the mechanism of ALI was related to vascular endothelial cells (VECs) damage result in vascular hyper-permeability induced by LPS 15, 16 , consequently, effusion in alveolar spaces was observed. Similarly, the treatment with ENL alleviated the VECs injury; therefore, the degree of effusion was decreased. However, the mechanism of ENL alleviating VECs injury is recommended for further study.
Previous studies show that LPS-induced ALI is considered a neutrophil-dependent ALI that contributes to local recruitment and activation of neutrophils 17, 18 . Therefore, we explored the mechanisms by which ENL attenuates ALI from the neutrophil. After beening activated by LPS, VECs and neutrophils release cell-adhesion molecules such as P-selectin and ICAM-1, which promote the adhesion, aggregation, and sequestration of neutrophils in tissue 19 . In this study, there was increased P-selectin at 3h, as well as ICAM-1 levels and MPO activities at 3 h and 
Effect of ENL on MPO of lung in LPS rats
The Figure 5 as shown that the MPO activities of pulmonary homogenate in the LPS and LPS+ENL group at 3h and 6h after LPS administration were significantly increased than that of the sham group (P<0.05); at the same time, the MPO activities of the LPS+ENL group at 3h and 6h were obviously lower compared with the LPS group (P<0.05). 6h in pulmonary tissue in the LPS group, while these increased indices in pulmonary tissue were reduced by ENL administration.
In generally, MPO activity in tissue is significantly correlated with the number of neutrophil in affected tissues 20 . Therefore, these results suggested that LPS induced neutrophils adhesion via the increased P-selectin and ICAM-1 levels, at the same time, ENL administration is beneficial for reducing ALI by decreasing the neutrophil-mediated inflammatory response.
In addition, we found that ENL might reduce neutrophils attached to the venular wall and improve blood flow condition of microcirculation, and decrease the levels of P-selectin and ICAM-1 in plasma 8 , this result is an important supplement to the finding of this study.
Conclusion
An animal model of acute lung injury caused by the administration of lipopolysaccharide via femoral vein was established, and exogenous normal lymph could alleviate LPS-induced ALI through lessening the adhesion molecules levels and MPO activity.
